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Objectives: to determzne (a) changes zn aneurysm s~ze following endovascular repair, (b) the slgn~cance of collateral 
lumbar artery blood flow and (c) the relationship between thrombus distrlbut~on within the aneurysm sac and the 
development ofa "lumbar endoleak". 
Materials and Methods: 72 patients treated with endovascular stent-grafts were followed up wlth spiral computed 
tomography for a median of 11 (range 3-27) months. The cross-sectional rea of the aneurysm was measured at the point 
of maximum diameter pre- and post-operatively. The distribution and quantity of thrombus was recorded pre-operatlvely 
and this was related to changes in aneurysm size and the development of lumbar endoleaks post-operatively. 
Results: an zncrease in aneurysm size occurred in 22 patients, of whom 10 had endoleaks. Fifteen aneurysms &d not 
change in size, including four with endoleak, and 35 aneurysms decreased in size with no endoleaks. There was a 
slgnid~cant difference between the endoleak and no endoleak groups (Chl-squared test=17.1 with 2 degrees of freedom 
(dr.), p<O.OOI). Nine endoleaks were from patent lumbar arteries. No patients with thick circumferential or posteriorly 
placed thrombus developed an endoleak arising from lumbar vessels (0/23 cases) compared to those with minimal or 
anteriorly placed thrombus (9/49 cases) (Chi-squared test with Yate's correctwn =3.17 with I d.f , p<0 1). 
Conclusions: aneurysms do not decrease in size in the presence of a lumbar endoleak, and some expand signidqcantly A
number of aneurysms increase tn size desp#e no evidence of an endoleak on computed tomography (CT). Patterns of 
thrombus dlstrlbutzon may be able to predict patients at rlsk from persistent endoleak wa lumbar vessels. 
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Introduction are not ligated as they would be during an open repair. 
The extent and significance of "lumbar endoleak" is 
The last 3 years have seen a rapid expansion in the not yet clear due to limited follow-up. If it leads to 
number of patients with abdominal aortic aneurysms continued aneurysm expansion, it might be worth- 
being treated with endovascular repair. The purported while occluding these vessels either pre- or intra- 
advantages ofthe technique are that it allows exclusion operatively. If, however, this occurs in only a small 
of the aneurysm sac without he need for a laparotomy number of cases, then factors which identify those 
or cross-clamping the aorta with the attendant risks patients at risk would help to limit intervention to 
that this involves. As yet, the long-term outcome of those that need it. 
the procedure is not clear. Late rupture followmg The aim of this study was, first, to document changes 
endovascular repair has been documented 1 and was in aneurysm sac size following endovascular surgery, 
probably the result of continued exposure of the an- second, to determine the significance of collateral 
eurysm sac to pulsatileblood flow. Accurate apposition lumbar artery perfusion as a cause of persistent en- 
of the graft to the vessel wall is essential to prevent doleak and, third, to examine the relationship between 
this potentially disastrous complication, pre-operatlve thrombus distribution within the an- 
Persistent flow around the stent-graft ("endoleak') eurysm sac and the development of a lumbar endoleak. 
can occur at the proximal or distal ends of the graft, 
but has also been documented as arising from the 
lumbar and inferior mesenteric arteries. 2 These vessels Patients and Methods 
Between June 1994 and November 1996, 100 endo- 
* Please address all correspondence to M P. Armon, 2 Deruson vascular aneurysm repairs were performed m Not- 
Street, Beeston, Nottingham NG9 lAY, U K tlngham with a 30-day mortality of 10% A further 11 
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patients have since died beyond 30 days. Two patients posterior and transverse aneurysm diameters were 
were converted to open repair at operation and five recorded and area measurements calculated at the 
patients referred from other centres were unavailable corresponding level to the pre-operative axial slices. 
for follow-up. This leaves 72 patients with endo- The presence of an endoleak was determined by the 
vascular grafts zn situ. These patients form the study presence of contrast within the aneurysm sac but 
population and have been followed up for a me&an outside the graft. The site of endoleak was determined 
of 11 (range 3-27) months. Of these, 57 were treated by the proximity of the contrast to either the proximal 
with an aorto-uni-iliac graft used in combination with or distal stents, the common ihac artery occluder or, 
a femoro-femoral crossover and occluding device in if arising from the mid-portion of the aneurysm, by 
the contralateral common iliac artery, 13 were treated its relation to either the posterior or anterior sac wall 
with a bifurcated graft and 2 with a straight aorto- to indicate a lumbar of inferior mesenteric endoleak. 
aortic graft. 
All patients were assessed with contrast-enhanced 
computed tomography (CT) before operation - 65 with 
a Siemens Somatom Plus spiral CT scanner and the first Results 
seven patients with conventional CT. The following 
measurements were made from the axial 10-ram slices. The median pre-operative aneurysm diameter was 6 0 
(range 4.3-9.2) cm and the median cross-sectional rea 
was 29.2 (range 13.2-60.1) cm 2. There was a significant 
reduction in both maximum aneurysm diameter and 
Aneurysm &ameter cross-sectional rea post-operatively, to medians of 5.6 
(range 3.2-9.3) cm and 25.9 (8.0-58.1) cm 2 respectively 
The maximum distance from external wall to external (p<0.05 Wilcoxon paired-test). The largest decrease in 
wall m two directions at right angles to each other - diameter was from 8.5 cm to 3.6 cm at 5 months' follow- 
recorded as antero-posterior and transverse. The cross- up. There was a significant difference in size change 
sectional area of the aneurysm sac at the point of between patients with endoleak and those with no 
maximum diameter was then calculated using the endoleak (Chi-squared test=17.1 (2 degrees of free- 
equation 7rr 2, where r=0.25x(AP+Transverse  dia- dora (d.f.)), p<0.001)(Table 1). 
meter). Fourteen patients (19%) had persistent endoleaks 
present at between 3 and 25 months post-operatively. 
Two endoleaks were from the proximal stent, two 
from around the distal stent and one from around 
Lumen &ameter the iliac occluder. Nine endoleaks arose from patent 
lumbar arteries. Two patients with endoleaks (one 
The antero-posterior and transverse diameter of the proximal, one distal)underwent further interventional 
contrast enhanced lumen at the level of the maximum procedures to rectify the leaks. All others were being 
sac diameter. The cross-sectional rea of the lumen observed at the time of writing. 
was calculated at this point using the method escribed No aneurysms with endoleaks decreased in size. 
above. Four stayed the same size, six increased by 1.0-2.9 cmz 
and four increased by >3 cm 2. Of those that increased 
Thrombus quantity was calculated by subtracting the in size by more than 3 cm 2, three arose from lumbar 
cross-sectional rea of the aneurysm lumen from that vessels and one from around the common iliac artery 
of the aneurysm sac. This was expressed as a ratio, occluder. 
relative to the lumen area - the Thrombus/Lumen Twelve aneurysm sacs with no evidence of endoleak 
Ratio (TLR). increased in size by more than i cm 2 and of these, five 
exhibited a >3-cm 2increase. In two cases the proximal 
Thrombus dzstribution was classified according to its pre- stent of a bifurcated graft had migrated, without any 
dominant distribution at the point of maximum dla- evidence of a leak of contrast into the aneurysm sac. 
meter and for at least three consecutive slices above and In the other three cases no obvious underlying cause 
below this point (i.e. over a distance of at least 4 cm) as could be found. Thrombus quantity was not associated 
either antero-lateral, posterior, circumferen~al (  rim of with either decrease in aneurysm size or the de- 
at least 5 mm) or no/mimmal  thrombus (Fig. 1). velopment of an endoleak (Chl-squared test with Yate's 
Post-operative assessment was with contrast en- correction=3.07 with 2 d.f., p=not  significant) (Fig. 
hanced spiral CT angiography. As before, antero- 2). However, the presence of thick circumferential or 
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Fig. 1. Thrombus distribution m four abdominal aortic aneurysms (a) Anterior, (b) posterior, (c) c~rcumferentlal, (d) none 
Table 1. Post-operative size changes in patients with and without significance (Chi-squared test with Yate's correction =
endoleak following endovascular repair. 3 17 with i d.f., p<0.1) 
Post-operative Endoleak No endoleak Total 
Size change 
Increase >1 cm 2 10 12 22 Discussion 
No change 4 11 15 
Decrease >1 cm 2 0 35 35 
Total 14 58 72 Despite the expanding number of centres using endo- 
vascular techniques for aneurysm repair, follow-up 
data remains parse and the durability of the technique 
posteriorly placed thrombus protected against en- is largely unproven. The available vidence has con- 
doleak from lumbar vessels (0/23 cases), whilst all centrated on changes in aneurysm diameter and as- 
lumbar endoleaks occurred in patients with either sumes that a decrease in diameter is indicative of 
minimal or antero-laterally placed thrombus (9/49 successful exclusion of the aneurysm sac from arterial 
cases) (Fig 3) This trend did not reach statistical pressure, whilst an increase represents continued ex- 
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25 is not widely available. We have attempted to improve 
the accuracy of our measurements by using area cal- 
20 culations but accept hat a number of the limitations 
described above remain an issue. 
® 15 Evidence from this study supports the general con- 
sensus that changes in aneurysm size correlate with 
10 the presence or absence of an endoleak. However, this 
Z differentiation is not as clear as some have suggested, 
5 with a significant grey area that included 20% of the 
~ aneurysms in this study, in whom no significant change 
0 Y///J~/~ 7777~ in size occurs. In addition, a further 17% of aneurysms 
0-1.0 1.1-2.0 2 1-10.0 increased in size without any evidence of endoleak. 
Thrombus lumen ratio Closer examination of the data from other series does 
in fact support this. In Matsumara's eries of EVT 
Fig. 2. Quantity of thrombus at the point of maximum diameter devices, 4 aneurysms with diameter changes of as little 
on pre-operat~ve CT expressed as the thrombus lumen ratio m 
patmnts with and without lumbar endoleak ([~ No endoleak, ([]) as 0.1 mm were classified as having either increased 
endoleak or decreased in size. In addition, three of twenty 
30 patients (15%) with no evidence of endoleak increased 
in size. Whilst both Malina 2 and Broeders s have also 
25 shown that aneurysms with no endoleak tend to de- 
crease in size and those with endoleak tend to increase, 
2o both groups include a number of patients with little 
• ~ or no change in diameter. There are two possible 
15 explanations for this. First, that there is in fact an 
d ongoing endoleak which CT is failing to detect. Second, 
Z 101 that the aneurysmal process is arrested rather than 
reversed and may even be continuing in a small num- 
5' ~ ber of patients, despite successful exclusion from ar- 
0 , ~ , terial pressure. As yet the significance of these size 
Antero-lateral Posterior Circumferential None changes is unclear and only further follow-up reports 
Thrombus &strlbution will determine whether increases in size are sustained 
Fig. 3. Distribution of thrombus on pre-operatlve CT at the point and do indeed lead to rupture. 
of maximum diameter m patmnts with and without lumbar endo- Persistent perfusion of the aneurysm sac via collateral 
leak ([~) No endoleak, ([]) endoleak lumbar vessels did lead to a significant increase in an- 
eurysm size (defined arbitrarily as >3 cm 2) in three out 
posure to arterial pressure and a risk of rupture, of nine cases, and is therefore potentially as important 
Success or failure has thus been defined in terms as endoleak around the ends of the prosthesis. Will this 
of aneurysm diameter changes and the presence or lead to rupture or will these seal with time? One of our 
absence of an endoleak, cases sealed at 15 months whilst another is still patent 
Most studies, including this one, have used CT to at 25 months' follow up. In Resnikoff's report of 831 
compare size changes. This has a number of inherent aneurysms repaired using a retroperitoneal exclusion 
weaknesses, not least of which is the use of a one- technique, 2% of sacs remained patent after surgery as 
dimensional measurement (diameter) to assess a result of persistent collateral perfusion. 6 This was de- 
changes to a three-dimensional structure. Aneurysms spite ligating those inferior mesenteric and lumbar ar- 
are often irregular in shape and usually lie at an teries which were thought o be patent as assessed by 
oblique angle to the axial plane of a CT scanner. It is intraoperative ultrasound (a further 2% of patients). 
difficult o ensure that the aneurysm isbeing measured This report confirms that in some patients, collateral 
at exactly the same point with conventional 10-mrn perfusion may lead to subsequent rupture, but that the 
slices and this, combined with a measurement error risk is small. Our figures suggest that a similar number 
in the order of 2-3 ram, means that only changes of patients (3/72)maybeatr iskfol lowingendovascular  
m aneurysm diameter of at least 3 mm should be repair. If factors which can predict hose patients most 
considered significant. Volumetric measurements at risk from this complication can be identified, pre- or 
using spiral CT such as those described by Balm et al 3 intra-operative embolisation of these vessels could be 
are more accurate, but unfortunately this technology better directed. 
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